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Abstract 
Density functional theory calculations with a correction of the long-range dispersion 
force, namely the van der Waals (vdW) force, are performed for SiC polytypes. The 
lattice parameters are in good agreement with those obtained from experiments. 
Furthermore, the stability of the polytypes in the experiments, which show 3C-SiC as 
the most stable, are reproduced by the present calculations. The effect of the vdW force 
on the electronic structure and the stability of polytypes are discussed. We observe that 
the vdW interaction is more sensitive to the cubic site than the hexagonal site. Thus, the 
influence of the vdW force increases with decreasing the hexagonality of the polytype, 
which results in the confirmation that the most stable polytype is 3C-SiC.  
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Silicon carbide (SiC) has attracted great interest as a promising widegap material for 
use in power devices with low on-resistance because of its high breakdown field. SiC is 
also well known as a material with polytypism, such as 3C-, 2H-, 4H-, 6H-, 15R-SiC 
and so forth. Among the SiC polytypes, 4H-SiC has been desired for application in 
power devices because of its wide band gap and relatively isotropic electron mobility. 
Although the supply of 4H-SiC wafers with 6 inch size has begun, a large problem 
remains regarding the difficulty in selective growth of 4H-SiC. So far, many 
investigations have been performed for understanding the stability of the SiC polytypes 
experimentally1,2) and theoretically.3-7) However, the experimentally observed stability 
of the SiC polytypes,1) which show 3C-SiC is more stable at less than 1873 K compared 
with 4H-, 6H- and 15R-SiC, has never been reproduced by a first principles density 
functional theory (DFT) calculation. In the DFT calculation, 4H-, 6H- or 15R-SiC is 
estimated to be the most stable among the typical polytypes.4-6) The discrepancy has 
been proposed to arise from the entropic term and crystal growth conditions owing to 
the estimated total energy difference between 3C- and 4H-SiC, which denotes that the 
internal energy difference at 0 K is within a few meV.4) However, the long-range 
dispersion force, that is, the van der Waals (vdW) force, has never been included in the 
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previous DFT calculations for SiC polytypes despite the observation that vdW often 
affects the electronic structure of covalent materials.8)  
Recently, including the vdW force in DFT calculations, namely the DFT-D calculation, 
has been performed to describe the accurate electronic structure of two-dimensional 
layered structures and molecular crystals.8-12) Although SiC is a highly covalent material, 
the effect of the vdW interaction on the stability of SiC polytypes has not been 
discussed so far. Herein, the stability of SiC polytypes are evaluated by the DFT-D 
calculation. The lattice parameters of the typical SiC polytypes are determined, and the 
effect of the vdW force on electronic structure and phase stability are discussed. 
Among the SiC polytypes, 2H-, 4H-, 6H-, 15R- and 3C-SiC were considered in this 
study, because of their importance in engineering applications and their availability. 
Their crystal structures are shown in Fig. 1. The first principles calculations were 
performed using the plane wave based projector augmented wave (PAW) method based 
on DFT, implemented in Vienna Ab-initio Simulation Package (VASP). The exchange 
correlation interaction was considered by generalized gradient approximation (GGA) as 
well as local density approximation (LDA). To take the long-range dispersion force into 
account, Tkatchenko–Scheffler (TS)10) correction to GGA, which is developed based on 
the DFT-D2 method,11) was applied to the calculations. The dispersion energy (Edisp) 
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within the TS method is formally identical with that of the DFT-D2 method and is 
expressed using empirical parameters as follows, 
 
 

at atN
i
N
j
Lij
L
d
Lij
ij
disp rf
r
C
E
1 1
,6,6
,
6
'
2
1
,     (1) 
where the summations are over all atoms (Nat) and all translations of the unit cell (L = 
(l1, l2, l3)), the prime indicates that i ≠ j for L = 0, C6ij denotes the dispersion 
coefficient for the atom pair ij, rij,L is the distance between atom i located in the 
reference cell L = 0 and atom j in the cell L, and the term f (rij) is a damping function 
whose role is to scale the force field such as to minimize contributions from interactions 
within typical bonding distances. Here, the dispersion coefficient and damping function 
in the TS method depend on the ground state electron-density.10) The plane wave cut-off 
energy was set to 500 eV, and the mesh size of k-points in an irreducible Brillouin zone 
was set to 15 × 15 × 15 for 2H- and 3C-SiC, 15 × 15 × 5 for 4H- and 6H-SiC, and 15 × 
15 × 2 for 15R-SiC. Here, the convergence of the calculation condition was carefully 
confirmed. For instance, the difference of the total energy of 4H-SiC calculated by 15 × 
15 × 5 and 20 × 20 × 8 k-mesh was confirmed to be better than 0.1 meV / Si-C pair. 
Also, the total energy difference between 4H- and 3C-SiC calculated by 800 eV cut-off 
energy was confirmed to be better than 0.1 meV / Si-C pair compared with that 
calculated by 500 meV. 
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Insert Fig. 1 here. 
 
The calculated lattice parameters for the a and c axes of 2H-, 4H-, 6H-, 15R- and 
3C-SiC are shown in Table I. In addition, Jagodzinski’s hk notation13) and the 
hexagonality of each polytype are also provided. Here, the hk notation represents a 
description of the stacking structure of close-packed planes to distinguish hexagonally 
(h) and cubically (k) stacked layers. Hexagonality is the ratio of the hexagonal sites to 
the total number of sites, that is, h / (h + k). Results from the present study are compared 
with other calculations3) and experiments.14-20) The lattice constants obtained using the 
DFT-GGA and DFT-LDA without consideration of the vdW force slightly differ from 
the experimental values. Hence, DFT-GGA and DFT-LDA calculations show larger and 
smaller values than the experiments, respectively, which is usually observed in the GGA 
and LDA calculations. However, the lattice constants are well reproduced for all the 
polytypes by including the vdW force into the calculation. The experimentally obtained 
lattice constants for the c axis per Si-C site indicate the increasing tendency with 
increasing hexagonality, which are also reproduced in the present calculation. 
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Insert Table I here. 
 
Figure 2 shows the total energy difference of each polytype relative to 3C-SiC. The 
most stable polytype without consideration of the vdW force was calculated to be 
4H-SiC, and the total energy of 3C-SiC was a few meV higher than that of 4H-SiC, 
which is the same tendency as the other theoretical calculations.3-7) However, when the 
vdW force was taken into account in the GGA, the tendency of the stability largely 
changed. The total energies per Si-C pair for 2H-, 4H-, 6H- and 15R-SiC are 15, 2.7, 1.3 
and 1.9 meV higher than that for 3C-SiC by considering the vdW force. 3C-SiC was 
estimated to be the most stable polytype, which agrees with the experimental polytype 
stability at less than 1873 K.1) 
 
Insert Fig. 2 here. 
 
To assess the effect of the vdW force on the stability of SiC polytypes, the 
distribution of the charge density along the c axis, which represents the character of the 
hexagonal structure, was investigated. The charge density from the C atom to the 
neighboring Si atom for hexagonal (h) and cubic (k) sites of 4H-SiC with or without the 
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vdW force based on GGA are shown in Fig. 3(a) and (b), and their difference is shown 
in Fig. 3(c). As can be seen from Fig. 3(a) and (b), C has a larger charge density than Si, 
indicating that electron transfer from Si to C occurred. By subtracting the charge density 
without the vdW force from that with the vdW force, it is found that the amount of 
electron transfer is larger when the vdW force is considered. Furthermore, it is also 
found that the amount of the charge transfer becomes much larger in the k-site than that 
in the h-site by considering the vdW interaction (Fig. 3(c)). From Eq. (1), the vdW force 
becomes larger when the distance between the atoms is short, and the distance for the 
k-site is estimated to be 0.4% shorter than that for the h-site. This indicates that the 
electron density around the k-site is more sensitively changed by the vdW force than 
that around the h-site. The same trend was also observed for the other polytypes.  
Figure 4 shows the estimated vdW energy together with the experimentally obtained 
lattice constants for the c axis per Si-C site14-20) for each polytype. The vdW force on the 
k-site has a greater effect compared with that on the h-site, which arises from the shorter 
distance between atoms along the c axis in the k-site. This can be also seen 
experimentally in the lattice constant, as shown in Fig. 4. Hence, the vdW energy was 
found to highly affect the lower hexagonality polytype. An almost linear relation 
between the vdW energy and hexagonality was estimated, and a larger effect of the vdW 
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force of about 10 meV was estimated for 3C-SiC, compared with that for 2H-SiC. As 
shown in Fig. 2, the difference of the total energy of each polytype was of the same 
order, resulting in the change of the polytype stability of SiC by the effect of the vdW 
force. It was thus clarified that the vdW force is of great importance to the stability of 
the SiC polytypes. 
 
Insert Figs. 3 and 4 here. 
 
In summary, the DFT calculations including a correction for the vdW force for SiC 
polytypes enabled the precise estimation of the lattice parameters. Furthermore, the 
stabilities of polytypes, where 3C-SiC is the most stable, was reproduced by including 
the vdW force in the calculation because of the higher effect of the vdW interaction on 
the k-site compared with that on the h-site. 
Finally, we know that effect of entropy has to be considered to understand the stability 
of the polytypes. However, our calculation clearly suggests that the vdW interaction 
plays an important role for the stability of SiC polytypes. Consideration of the 
vibrational entropy is a next subject for this study, and it will be reported in elsewhere. 
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Figure captions 
Fig. 1. Crystal structures of 2H-, 3C-, 4H-, 6H- and 15R-SiC. Edge of the unit cell of 
each structure is described as black solid lines. Gray and yellow circles represent Si and 
C, respectively. The stacking sequences along the c-axis for each polytype are also 
described by hk notation13) on the left side and ABC notation21, 22) on the right side. 
Fig. 2. Total energy of 2H-, 4H-, 6H- and 15R-SiC relative to 3C-SiC.  
Fig. 3. Charge density of 4H-SiC from the C atom to the Si atom with or without 
consideration of the vdW force for (a) the h-site and (b) the k-site, and (c) the difference 
of charge density for each site.  
Fig. 4 VdW energy and lattice constants along the c axis per Si-C pair for each polytype. 
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Table I. Lattice constants of 2H-, 4H-, 15R-, 6H- and 3C-SiC. 
Polytype hk 
notation 
 
Hexagon
ality (%) 
 a (Å) c (Å) c / p (Å) 
2H-SiC (h)2 100 GGA 
LDA 
GGA(vdW) 
Exp. 
GGA 3) 
3.091 
3.058 
3.074 
3.079,14) 3.07615) 
3.050 
5.073 
5.018 
5.059 
5.053,14) 5.04815) 
5.006 
2.537 
2.509 
2.529 
2.527,14) 2.52415) 
2.503 
4H-SiC (hk)2 50 GGA 
LDA 
GGA(vdW) 
Exp. 
GGA 3) 
3.095 
3.061 
3.076 
3.073,16) 3.07917) 
3.052 
10.128 
10.014 
10.085 
10.052,16) 10.08217) 
9.993 
2.532 
2.504 
2.521 
2.513,16) 2.52017) 
2.498 
15R-SiC (hkkhk)3 40 GGA 
LDA 
GGA(vdW) 
Exp. 18) 
3.094 
3.060 
3.076 
3.080 
37.980 
37.562 
37.800 
37.70 
2.532 
2.504 
2.520 
2.513 
6H-SiC (hkk)2 33 GGA 
LDA 
GGA(vdW) 
Exp. 
GGA 3) 
3.095 
3.061 
3.077 
3.080,17) 3.08119) 
3.053 
15.185 
15.024 
15.113 
15.12,17) 15.1219) 
14.980 
2.531 
2.504 
2.519 
2.520,17) 2.52019) 
2.497 
3C-SiC (k) 0 GGA 
LDA 
GGA(vdW) 
Exp. 20) 
GGA 3) 
3.097 
3.063 
3.079 
3.083 
3.055 
7.587 
7.503 
7.542 
7.552 
7.482 
2.529 
2.501 
2.514 
2.517 
2.494 
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Fig. 1. Crystal structures of 2H-, 3C-, 4H-, 6H- and 15R-SiC. Edge of the unit cell of 
each structure is described as black solid lines. Gray and yellow circles represent Si and 
C, respectively. The stacking sequences along the c-axis for each polytype are also 
described by hk notation13) on the left side and ABC notation21, 22) on the right side. 
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Fig. 2. Total energy of 2H-, 4H-, 6H- and 15R-SiC relative to 3C-SiC.  
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Fig. 3. Charge density of 4H-SiC from the C atom to the Si atom with or without 
consideration of the vdW force for (a) the h-site and (b) the k-site, and (c) the difference 
of charge density for each site.  
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Fig. 4 VdW energy and lattice constants along the c axis per Si-C pair for each polytype. 
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